A 42-year-old Filipino female was admitted due to weight loss and recurrent abdominal pain over the past ten years. In 2010, she was diagnosed to have disseminated PTB associated with a liver mass. After 1 year of anti-TB treatment, lung condition was treated but her liver mass has enlarged. She also developed diarrhea, diabetes, and skin lesions with biopsy results showing Necrolytic Migratory Erythema (NME). CT scan showed liver and pancreatic tumors that were biopsied revealing a neuroendocrine tumor. Blood glucagon level was elevated. She was treated as a case of glucagon-secreting tumor with liver metastases with everolimus and octreotide. After 3 months of treatment, she gained weight, the skin lesions improved, and the liver mass decreased in size.
INTRODUCTION
Glucagonoma is a rare, slow-growing alpha-cell tumor of the pancreatic islets of Langerhans. 1 It is associated with systemic clinical manifestations, referred to as the "Glucagonoma Syndrome" characterized by necrolytic migratory erythema (NME), weight loss, diabetes mellitus, anemia, glossitis, cheilitis, steatorrhea, diarrhea, venous thrombosis and neuropsychiatric disturbances. 2 The incidence of glucagonoma syndrome in the general population is one in 20 million. These clinical findings in association with hyperglucagonemia and pancreatic tumor establish the diagnosis. Ê CASE Ê A 43-year-old Filipino woman was admitted in 2014 due to progressive weight loss. In 2001, she was diagnosed with major depressive disorder and 3 years later, in 2004, she started to experience recurrent epigastric pain. Ultrasound of the whole abdomen showed sub-centimeter liver nodules.
Due to the persistence of recurrent abdominal pain, she underwent gastroscopy in 2005 which showed chronic gastritis. Lipase and amylase were slightly elevated.
Magnetic Resonance Cholangio Pancreatography (MRCP)
showed unremarkable pancreas and bile ducts with a 0.7 cm focus in hepatic segment II, probably a hemangioma. Tumor markers for liver carcinoma were normal.
From 2006-2011, there was recurrent abdominal pain, now accompanied by loss of appetite and a 20 pound-weight loss over a span of 6 months. Whole abdominal CT-scan done every 6 months revealed stable liver nodule size.
In 2011, she was admitted for fever. Work up showed normochromic normocytic anemia with normal white blood cells (WBC), pneumonia and a nodular opacity on the left lung. Chest CT scan showed multiple pulmonary nodules and nodular pleural thickening in the left lower hemithorax. Consideration was a pleural neoplasm (mesothelioma) with pulmonary metastasis. CT scan guided biopsy of the left pleural-based mass was suspicious for granulomatous process. Acid-Fast Bacilli (AFB) smear and Mycobacterium Tuberculosis (MTB) culture of the biopsy specimens were negative. Blood culture was positive for pansensitive MTB.
CT scan of the whole abdomen showed multiple liver nodules at segment II of the liver (2.4 x 4.8 cm and 2.4 x 4.1 cm) and a hypodense nodule in the body of the pancreas
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Magnetic Resonance Cholangio Pancreatography (MRCP) showed unremarkable pancreas and bile ducts with a 0.7 cm focus in hepatic segment II, probably a hemangioma. Tumor markers for liver carcinoma were normal.
CT scan of the whole abdomen showed multiple liver nodules at segment II of the liver (2.4 x 4.8 cm and 2.4 x 4.1 cm) and a hypodense nodule in the body of the pancreas (0.9 x 0.6 cm). Liver function tests were normal except for hypoalbuminemia. Tumor markers for liver and pancreatic carcinoma, autoimmune panel, and hepatitis profile were negative. She refused to have a biopsy of the liver and pancreatic mass and opted to have them monitored until the completion of TB treatment. She was maintained on anti TB medications for 18 months and gained some weight (10 lbs) after treatment.
She was diagnosed with Type 2 DM in 2012 and was maintained on pioglitazone. A dynamic liver CT scan done after TB treatment showed no significant changes of the liver nodules' size. However, the hypodense nodule in the body of pancreas was not demonstrated on repeat CT scan. CXR after TB treatment revealed regression of the patchy and fibronodular opacities in the left lung.
In 2013, she started to have recurrence of weight loss accompanied with on and off diarrhea.
She also developed seborrhoic dermititis-like skin lesions on the centro-facial area and annular rash with crusted borders on the buttocks. The skin lesion was biopsied which was consistent with Necrolytic Migratory Erythema. On April 2014, she was admitted for nutritional build up because at this time she was already cachectic with BMI 12.55 kg/m2. There were hyperpigmented plaques with velvety surface on the dorsum of the feet, hands, elbows ( Figure 1) . A repeat whole abdomen CT scan showed an increase in the size of the enhancing left lobe hepatic mass (6.6 x 6.5 x 5.6 cm). There were also hypodensities in the pancreatic body and tail (0.7 x 1.3 cm and 0.7 x 0.7 cm). Percutaneous FNAB of the pancreatic mass was consistent with pancreatic neuro endocrine neoplasm while the liver mass showed metastatic pancreatic neuro endocrine neoplasm. Immunohistochemical studies were positive for chromogranin, synaptophysin and CEA stain with a Ki67 index of 5% in the pancreas and <5% in the liver (Figure 2a and 2b). Her serum Chromogranin A was elevated at 674.579 ng/mL (NV 6.0-40.0 ng/ml). Glucagon level was also elevated 1243 pg/mL (NV <80 pg/mL). Based on all of these factors, the diagnosis is most likely Glucagonoma. She was given everolimus 5 mg/tab 1 tab once daily and ocreotide LAR 20 mg SQ then monthly thereafter.
After 3 months of medical therapy, she gained 4.5 kg with improvement of the Necrolytic Migratory Erythema (Figure 3 ). On repeat CT scan, there was a decrease in the size of the inhomogenous mass in the left hepatic lobe (4.4 x 5.8 x 5.2 cm from 7.6 x 7.1 x 6.6 cm) (Figure 4) . 
DISCUSSION
The clinical findings of weight loss, diarrhea, diabetes, and NME accompanied by elevated glucagon level more than 1000 pg/ml, satisfied the clinical and biochemical parameters for the diagnosis of glucagonoma. Glucagonomas are rare slow-growing tumors arising from the pancreatic alpha-cells. 1 (0.9 x 0.6 cm). Liver function tests were normal except for hypoalbuminemia. Tumor markers for liver and pancreatic carcinoma, autoimmune panel, and hepatitis profile were negative. She refused to have a biopsy of the liver and pancreatic mass and opted to have them monitored until the completion of TB treatment. She was maintained on anti TB medications for 18 months and gained some weight (10 lbs) after treatment.
In 2013, she started to have recurrence of weight loss accompanied with on and off diarrhea. She also developed seborrhoic dermititis-like skin lesions on the centro-facial area and annular rash with crusted borders on the buttocks. The skin lesion was biopsied which was consistent with Necrolytic Migratory Erythema. On April 2014, she was admitted for nutritional build up because at this time she was already cachectic with BMI 12.55 kg/m2. There were hyperpigmented plaques with velvety surface on the dorsum of the feet, hands, elbows ( Figure 1) . A repeat whole abdomen CT scan showed an increase in the size of the enhancing left lobe hepatic mass (6.6 x 6.5 x 5.6 cm). There were also hypodensities in the pancreatic body and tail (0.7 x 1.3 cm and 0.7 x 0.7 cm). Percutaneous FNAB of the pancreatic mass was consistent with pancreatic neuro endocrine neoplasm while the liver mass showed metastatic pancreatic neuro endocrine neoplasm. Immunohistochemical studies were positive for chromogranin, synaptophysin and CEA stain with a Ki67 index of 5% in the pancreas and <5% in the liver (Figure 2a and 2b). Her serum Chromogranin A was elevated at 674.579 ng/mL (NV 6.0-40.0 ng/ml). Glucagon level was also elevated 1243 pg/mL (NV <80 pg/mL). Based on all of these factors, the diagnosis is most likely Glucagonoma. She was given everolimus 5 mg/tab 1 tab once daily and ocreotide LAR 20 mg SQ then monthly thereafter.
The clinical findings of weight loss, diarrhea, diabetes, and NME accompanied by elevated glucagon level more than 1000 pg/ml, satisfied the clinical and biochemical parameters for the diagnosis of glucagonoma. Glucagonomas are rare slow-growing tumors arising from the pancreatic alpha-cells. 1 The tail of the pancreas is the most common site of glucagonoma, seen in 47% to 75% of cases, with an average size of 6 cm. 4 These tumors are generally solid, circumscribed and well vascularized. By the time of diagnosis, 50% to 100% of patients already present with metastatic disease, with the liver as the most common site of metastasis, followed by regional lymph nodes, bone, adrenal gland, kidney, and lung. 5 In this case, the tumors were located at the body and tail of the pancreas with liver metastasis. However, it had a different presentation that made it interesting and difficult to diagnose. In contrast with the large size of the liver metastatic lesion (6.6 x 6.5 x 5.6 cm), the sizes of the pancreatic lesions as the main tumor were very small (0.7 x 1.3 cm and 0.7 x 0.7 cm). Furthermore, the metastatic lesions in the liver appeared before the pancreatic lesion. Despite its unusual presentation, the histopathology and immunohistochemical studies of the pancreatic mass proved that it was a pancreatic neuroendocrine neoplasm.
Manifestations associated with glucagonoma include weight loss, NME, diabetes, cheilosis or stomatitis, and diarrhea. 3, [6] [7] [8] Other findings are anemia, neuropsychiatric symptoms and venous thrombosis. Weight loss, diarrhea, diabetes, and skin lesions consistent with NME were present in this patient. Many of the symptoms of glucagonoma discussed are nonspecific. As a result, glucagonoma is often diagnosed relatively late in the course of the disease. NME is often the clue which leads to the correct diagnosis. 3 Even though it is not pathognomonic for glucagonoma, the presence of NME should prompt further work-up for a pancreatic neuroendocrine tumor. 7 Among all the clinical manifestations, NME is the most prevalent symptoms, occurring in approximately 65 to 80 percent of patients by the time of diagnosis. 3 In a retrospective study by Kindmark et al, records from 340 patients with endocrine pancreatic tumors were reassessed and 23 patients had elevated plasma glucagon levels. This was only 7% of all the endocrine pancreatic tumors in this tertiary center. Only 22% of these patients had developed diabetes prior to the diagnosis of glucagonoma. Necrolytic migratory erythema was diagnosed or clinically suspected in 52% of patients. Seventy eight percent had metastatic disease to the liver at diagnosis. 9 The diagnosis is based on clinical suspicion and the demonstration of raised glucagon levels in the presence of a pancreatic tumor. Diagnostic plasma glucagon concentrations have not been precisely established but levels in excess of 1000 pg/ml can be considered biochemical evidence for glucagonoma. 3 The aim of treatment should be curative whenever possible but in the majority of the cases, it is often palliative. 10 Surgery remains the treatment of choice and it is the only approach that can achieve a cure. It may also still be considered even if the tumor is metastatic. 11 However, if the disease is progressive or in patients in whom surgery is contraindicated, symptoms related to specific hormonal production are currently best managed with somatostatin analogues. The only proven hormonal management of NETs is by administration of somatostatin analogues. Somatostatin receptors are present in the vast majority of NETs and somatostatin analogues bind principally to the SSTR subtypes 2 (with high affinity) and 5 (with lower affinity) thus inhibiting the release of various peptide hormones. They also antagonize growth factor effects on tumor cells and at high doses, may induce apoptosis. The two commercially available somatostatin analogues in Philippines are ocretotide and lanreotide.
Two molecularly targeted agents, sunitinib and everolimus, have been approved for treatment for neuroendocrine tumors. Sunitinib is a tyrosine kinase inhibitor that acts downstream from key drivers of tumor angiogenesis, including vascular endothelial growth factor types 2 and 3, platelet-derived growth factor and stem cell factor. It showed a response rate of 72.3%. 11 The mammalian target of rapamycin (mTOR) is a serinethreonine kinase, which is a major regulator of protein synthesis and stimulates cell growth, proliferation, and angiogenesis. Everolimus is an mTOR inhibitor that blocks the mTOR signaling pathway that is activated in many tumors. It showed a response rate of 77.4%. 11 For this patient, surgery was not done because of poor nutritional status and the presence of liver metastasis. Hence, ocreotide LAR 20 mg SQ monthly and everolimus 5 mg daily were given.
Majority of patients with glucagonoma also suffer from a prolonged catabolic state, hence, nutritional support is an important component of therapy. Necrolytic migratory erythema may respond to somatostatin infusion that may suggest a direct effect of ocreotide. 3 However, resolution usually occurs after resection of tumor. The tail of the pancreas is the most common site of glucagonoma, seen in 47% to 75% of cases, with an average size of 6 cm. 4 These tumors are generally solid, circumscribed and well vascularized. By the time of diagnosis, 50% to 100% of patients already present with metastatic disease, with the liver as the most common site of metastasis, followed by regional lymph nodes, bone, adrenal gland, kidney, and lung. 5 In this case, the tumors were located at the body and tail of the pancreas with liver metastasis. However, it had a different presentation that made it interesting and difficult to diagnose. In contrast with the large size of the liver metastatic lesion (6.6 x 6.5 x 5.6 cm), the sizes of the pancreatic lesions as the main tumor were very small (0.7 x 1.3 cm and 0.7 x 0.7 cm). Furthermore, the metastatic lesions in the liver appeared before the pancreatic lesion. Despite its unusual presentation, the histopathology and immunohistochemical studies of the pancreatic mass proved that it was a pancreatic neuroendocrine neoplasm.
Majority of patients with glucagonoma also suffer from a prolonged catabolic state, hence, nutritional support is an important component of therapy. Necrolytic migratory erythema may respond to somatostatin infusion that may suggest a direct effect of ocreotide. 3 However, resolution usually occurs after resection of tumor.
Response to therapy includes symptomatic, hormonal and tumor responses. Tumor responses based on WHO criteria may be classified as: 1) Complete response with complete regression of all clinical, hormonal and radiological evidence of tumor; 2) Partial response with a 50% or greater reduction of all measurable tumor with hormonal and symptomatic improvement; 3) Stable disease wherein there is less than 50% reduction, or no greater than 25% increase of tumor size; 4) Progression of disease wherein there is appearance of new lesions, or an increase of 25% or more of tumor size, and hormonal and symptomatic deterioration. 3 Follow-up comprises clinical, biochemical and radiological evaluation. The role of follow-up imaging and frequency depends on clinical circumstances and tumor grade. Initially, follow-up imaging may be taken at 3-6 months intervals. If the disease is relatively slow growing, the interval can be increased to 9-12 months. 11 In terms of biochemical assessment, serum glucagon may be measured three and six months post-resection. Chromogranin A may be used but it should be interpreted with caution in patients on somatostatin analogues because the reduction in the chromogranin A levels may be a reflection of the effect of the somatostatin analogues rather than a reduction in the tumor size. 10 For this patient, glucagon level was not repeated post therapy. However, the Chromogranin A level one-year post treatment was significantly decreased (from 674.579 ng/mL to 59.261 ng/mL).
Length of survival is directly related to both the extent of the disease at the time of diagnosis and the degree of differentiation of the tumor. Those with metastases have a 5-year and 10-year survival of 32% and 15% respectively. Age at diagnosis and stage are strongly associated with survival. Higher grade also predicted worse survival. 12 Furthermore, Ki-67 is a cell proliferation marker that has some utility in predicting prognosis in neuroendocrine tumors. Five-year disease survival for low, moderate and high risk Ki-67 staining is 92%, 75%, 52% by AJCC stratification with a 10 year disease survival of 80%, 70% and 52%. 13 For this patient, the Ki67 index was 5% (moderate risk) thus predicting a 5 and 10 year disease survival of 75% and 70% respectively.
SUMMARY AND CONCLUSION
In summary, we have reported a rare case of metastatic glucagonoma, with weight loss accompanied by NME as the main clinical presentations. Skin manifestations as NME are essential for early diagnosis of glucagonoma and may prevent metastatic disease. growing, the interval can be increased to 9-12 months. 11 In terms of biochemical assessment, serum glucagon may be measured three and six months post-resection. Chromogranin A may be used but it should be interpreted with caution in patients on somatostatin analogues because the reduction in the chromogranin A levels may be a reflection of the effect of the somatostatin analogues rather than a reduction in the tumor size. 10 For this patient, glucagon level was not repeated post therapy. However, the Chromogranin A level one-year post treatment was significantly decreased (from 674.579 ng/mL to 59.261 ng/mL).
In summary, we have reported a rare case of metastatic glucagonoma, with weight loss accompanied by NME as the main clinical presentations. Skin manifestations as NME are essential for early diagnosis of glucagonoma and may prevent metastatic disease. Our case might be considered among the 65-80% of CVST cases with one or more identifiable causes. Here, the main cause being elevated triglyceridemia which may have played a role in increasing our patient's thrombotic risk. This highlights a potential direct association between CVST and hypertriglyceridemia in the absence of other pre-disposing factors. If such a relationship between hypertriglyceridemia and CVST were to be found, new diagnostic measures might be warranted and this may also have an implication on the risk of recurrence and duration of anticoagulation in this group of patients.
CONCLUSION
Severe hypertriglyceridemia may trigger CVST. In this rare case study, hypertriglyceridemia was the only predisposing risk factor for developing CVST. Our case highlights the need for clinicians to consider CVST among patients with uncontrolled hypertriglyceridemia. New diagnostic measures may become necessary which may also have an implication on the risk of recurrence and duration of anticoagulant therapy in this group of patients.
